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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 116B is not situated near an alluvial basin used as a source of drinking water (MCB Camp 

Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).   

3. There are no groundwater production wells near Range 116B, nor are there any known springs or other 
pathways for exposure to nearby threatened or endangered species. 
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MCB Camp Pendleton 
Range 116B 

 
Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 
 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 17 

Surface Water Receptors 4 13 

Sum of Surface Water Element Scores  45 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 16 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  35 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MODERATE 

Notes:   
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 116C 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  Moderate 
lead loading has been occurring at this range over a relatively shorter period of time compared 
to many other small arms ranges at the installation.  Precipitation at MCB Camp Pendleton is 
low, and opportunities for surface water transport are limited.  However, sensitive species 
have been identified downstream of the range, and no containment of small arms munitions 
was noted.  On the basis of the SARAP, there is moderate potential for lead migration and 
impacts to surface waters. 
 
The Groundwater Evaluation Ranking resulted in a Moderate score for this range.  As noted, 
moderate lead loading and low precipitation reduce the potential for lead migration, as does 
the fact that the average pH of the groundwater is not conducive to lead dissolution.  
Additionally, there is a lack of potential groundwater receptors.  Given this lack of 
groundwater receptors and the low potential for lead migration to groundwater, the overall 
ranking was adjusted to a Minimal score.   
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Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
3 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

3 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 11 

Notes: 
1. Range 116C has been operable as a multi-target combat pistol and rifle range since 1998.  During a 

site visit, it was noted that the range is only used intermittently due to target malfunctions. 

2. There are no current bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is approximately 191 lb/yr.  

4. There are no formal maintenance activities performed at this range. 
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MCB Camp Pendleton 

Range 116C 
 

Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3-5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 15-17 
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Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information, Range 116C is located within the Aliso watershed (MCB Camp 

Pendleton. 2011b). Limited surface water sampling has been conducted in this watershed.  Based on 
sampling data for other watersheds within the installation, the pH values of surface water for off range 
areas are assumed to range from 6.24 to 8.07 (Malcolm Pirnie, Inc.  2008). The pH of surface water is 
not anticipated to exceed 8.5; a moderating score (i.e., 3) was assigned to this criterion to account for the 
potential of pH to drop below 6.5 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. It is anticipated that small arms munitions used at this range will typically impact into surrounding hillsides 
set back from the range.  

4. Overall groundcover within the range footprint consists of mostly dirt with some concrete. The berm 
consists of limited grass and brush. Beyond the berm in front of the targets the vegetation is typically 
covered in grass; however, during the site visit visual evidence of a grass fire was observed.  The fire 
had substantially reduced the amount of vegetation beyond the target area. 

5. The predominant type of soil throughout the range is Las Flores loamy fine sand which consists of fine 
sand, with some clay and silt (USDA NRCS, 2007).  Due to the moderate clay contents of the soil, 
surface water runoff rates are considered to be medium. 

6. The range is not equipped with run-off/run-on controls. 
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MCB Camp Pendleton 

Range 116C 
 

Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

5 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 16 

B-112 



 

 
APPENDIX B  

Small Arms Range Assessment Protocol 
  

Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. There are no known groundwater wells in this area.  The depth to groundwater is conservatively 

assumed to be similar to the depth in the Las Flores and Santa Margarita watershed which have a 
depth to groundwater ranging from 3 and 58 feet below ground surface.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. The pH of groundwater in the Las Flores and Santa Margarita alluvial basins range between 7.29 and 
7.53 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Las Flores loamy fine sand ranges from 5.8-7.3 
(USDA NRCS, 2007). The pH of the soil is not anticipated to exceed 8.5; a moderating score (i.e., 3) 
was assigned to this criterion to account for the potential of pH to drop below 6.5.  

5. The predominant type of soil throughout the range is Las Flores loamy fine sand which consists 
primarily of fine sand, with some clay and silt (USDA NRCS, 2007).   
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MCB Camp Pendleton 

Range 116C 
 

Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

10 

Surface Water Receptor Score 13 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the Aliso 
watershed. 

3. A habitat which supports Stephen’s Kangaroo Rat is noted approximately 800 feet downstream of Range 
116C. Riparian habitat is noted approximately 4 miles downstream of the range (MCB Camp Pendleton, 
2011b). 
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MCB Camp Pendleton 

Range 116C 
 

Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 116C is not situated near an alluvial basin used as a source of drinking water (MCB Camp 

Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells near Range 116C, nor are there any known springs or other 
pathways for exposure to nearby threatened or endangered species. 
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MCB Camp Pendleton 

Range 116C 
 

Table 6:  Evaluation Score 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 11 

Surface Water Pathways  2 15-17 

Surface Water Receptors 4 13 

Sum of Surface Water Element Scores  39-41 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 11 

Groundwater Pathways 3 16 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  31 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MINIMAL* 

Notes:   

*Due to the low range use and the lack of groundwater receptors in this basin, the 
groundwater ranking is decreased from Moderate to Minimal. 
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 117A 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  There is a 
moderate amount of lead loading occurring at Range 117A, which has been occurring at this 
range over a relatively shorter period of time compared to many other small arms ranges at 
the installation.  Further, precipitation at MCB Camp Pendleton is low, and opportunities for 
surface water transport are limited.  Given these considerations, the overall ranking was 
adjusted to a Minimal score for surface waters. 
 
The Groundwater Evaluation Ranking resulted in a Moderate score for this range.  As noted, 
low lead loading rates and low precipitation reduce the potential for lead migration, as does 
the fact that the average pH of the groundwater is not conducive to lead dissolution.  Given 
the lack of groundwater receptors and the low potential for lead migration to groundwater, the 
overall ranking was adjusted to a Minimal score.   
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MCB Camp Pendleton 

Range 117A 
 

Table 1:  Range Use and Range Management (Source) Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
3 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

3 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 11 

Notes: 
1. Range 117A has been operable as a sniper range since 1993. 

2. There are currently no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is170 lb/yr.  

4. There are no formal maintenance activities performed at this range. 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

3 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1-3 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 11-13 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information, Range 117A is located within the Aliso watershed (MCB Camp 

Pendleton. 2011b). Limited surface water sampling has been conducted in this watershed.  Based on 
sampling data for other watersheds within the installation, the pH values of surface water for off range 
areas are assumed to range from 6.24 to 8.07 (Malcolm Pirnie, Inc.  2008). The pH of surface water is 
not anticipated to exceed 8.5; a moderating score (i.e., 3) was assigned to this criterion to account for the 
potential of pH to drop below 6.5. 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the berm is 8 percent.  

4. Overall groundcover within the range footprint consists primarily of grass and low brush.  

5. The predominant type of soil throughout the range is Las Flores loamy fine sand which consists of fine 
sand, with some clay and silt (USDA NRCS, 2007). Due to the high clay contents in these soils, surface 
water runoff rates are considered to be medium.   

6. Based on the site visit and topographic information, the range is not equipped with any runoff controls. 
Stormwater flows of the face of the hill and across the range footprint to an intermittent stream.  

 

B-122 



 

 
APPENDIX B  

Small Arms Range Assessment Protocol 
  

MCB Camp Pendleton 
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

5 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 16 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of 

drinking water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the Aliso 
watershed. 

3. A California gnatcatcher habitat was identified in the brush areas approximately 1.2 miles downstream 
of the Range 130 Complex (MCB Camp Pendleton, 2007). Riparian habitat is also noted 4.5 miles 
downstream of the range (MCB Camp Pendleton, 2011b). 
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MCB Camp Pendleton 
Range 130 Complex (Bays 1 & 2) 

 
Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. The Range 130 Complex is not situated in the immediate vicinity of alluvial basins used as source of 

drinking water (MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells near the Range 130 Complex, nor are there any known 
springs or other pathways for exposure to nearby threatened or endangered species. 
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Table 6:  Evaluation Score  

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 
 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 13 

Surface Water Pathways  2 15 

Surface Water Receptors 4 8 

Sum of Surface Water Element Scores  36 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 13 

Groundwater Pathways 3 22 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  39 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MODERATE 

Notes:   
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 206 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low, and the average pH of the surface water is not 
conducive to lead dissolution.  However, there is considerable lead loading at Range 206.  On 
the basis of the SARAP, there is moderate potential for lead migration and impacts to surface 
waters.  
 
The Groundwater Evaluation Ranking resulted in a Moderate score for this range.  As noted, 
precipitation at MCB Camp Pendleton is low and the average pH of the groundwater is not 
conducive to lead dissolution.  Despite the considerable lead loading at Range 206, there is a 
lack of potential groundwater receptors.  Due to this lack of potential groundwater receptors, 
the overall ranking was adjusted to a Minimal score.   
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Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 206 has been operable as a small arms range since 1968. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 1,783 lb/yr.  

4. There is no known range maintenance on this range.  
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MCB Camp Pendleton 

Range 206 
 

Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 15 
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Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information Range 206 is situated in the San Onofre Watershed (MCB Camp 

Pendleton, 2011b). Based on water quality information for the San Onofre watershed the pH of surface 
water near Range 210C, had a mean pH of 7.2 and a median pH of 6.98 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the small berm is1.5:1.  Beyond the berm is a rocky 
outcrop/cliff that has substantial bullet marks in it. 

4. Overall groundcover within the range footprint consists of mostly sand with some vegetation behind the 
berm. 

5. The predominant type of soil throughout the range is Las Flores loamy fine sand which is composed of 
fine sand, with some clay and silt (USDA NRCS, 2007). Due to the moderate clay content of the soil, 
surface water runoff rates are considered to be medium. 

6. Based on the site visit, there is no evidence of stormwater controls or other devices to prevent erosion 
from the range or reduce stormwater flows. 
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MCB Camp Pendleton 

Range 206 
 

Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 14 
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Onofre alluvial basin ranges from 30-43 ft. 

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Onofre alluvial basin ranged from 6.99 to 7.40 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Las Flores loamy fine sand ranges from 5.8-7.3 
(USDA NRCS, 2007). The pH of the soil is not anticipated to exceed 8.5; a moderating score (i.e., 3) 
was assigned to this criterion to account for the potential for the pH to drop below 6.5.  

5. The predominant type of soil throughout the range is Las Flores loamy fine sand which consists 
primarily of fine sand, with some clay and silt (USDA NRCS, 2007).   
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MCB Camp Pendleton 

Range 206 
 

Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 8 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of 

drinking water in this region.  

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San 
Onofre watershed. 

3. A riparian habitat is located approximately 0.5 miles north of the range (MCB Camp Pendleton, 
2011b). Arroyo toad habitat is also located downstream of the range (MCB Camp Pendleton, 2007). 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 206 is not situated in the immediate vicinity of any alluvial basins used as a source of drinking 

water. The nearest groundwater well is located approximately 4.2 miles in the San Onofre alluvial basin 
(MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity of Range 206, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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MCB Camp Pendleton 

Range 206 
 

Table 6:  Evaluation Score  
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 15 

Surface Water Receptors 4 8 

Sum of Surface Water Element Scores  38 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 14 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  33 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MINIMAL* 

Notes:   

*Due to the lack of potential groundwater receptors, the groundwater ranking is 
decreased from Moderate to Minimal. 
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 210C 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low and the average pH of the surface water is not 
conducive to lead dissolution.  However, considerable lead loading is occurring at Range 
210C, and sensitive species have been identified downstream of the range.  On the basis of the 
SARAP, there is moderate potential for lead migration and impacts to surface waters.  
 
The Groundwater Evaluation Ranking resulted in a Minimal score.  As noted, precipitation at 
MCB Camp Pendleton is low and the average pH of the groundwater is not conducive to lead 
dissolution.  Despite the considerable lead loading occurring at Range 210C, there is a lack of 
potential groundwater receptors.  On the basis of the SARAP, there is minimal potential for 
lead migration and impacts to the groundwater.  
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Table 1:  Range Use and Range Management (Source) Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 210C has been operable as a rifle range since 1971 but was constructed in the 1940s. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 3,219 lb/yr.  

4. The range does not receive any regular maintenance. 
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Range 210C 

 
Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

5 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
-5 

Surface Water Pathway Score 12 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information Range 210C is situated in the San Onofre Watershed (MCB 

Camp Pendleton, 2011b). Based on water quality information for the San Onofre watershed the pH of 
surface water near Range 210C, had a mean pH of 7.2 and a median pH of 6.98 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. Based on the installation GIS information, the slope of the berm is approximately 2:1. 

4. Overall groundcover within the range footprint consists of dirt with limited vegetation. 

5. The predominant type of soil throughout the range is Altamont clay (USDA NRCS, 2007). Due to the 
high clay content of the soil, surface water run-off rates are anticipated to be rapid.   

6. Based on the site visit and topographic information, the range is equipped with a backstop berm that 
controls stormwater run-off and run-on.  
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Groundwater Pathway Score 8 
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Onofre alluvial basin ranges from 30-43 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Onofre alluvial basin ranged from 6.99 to 7.40 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Altamont clay ranges from 6.6-8.0 (USDA 
NRCS, 2007). 

5. The predominant type of soil throughout the range is Altamont clay (USDA NRCS, 2007). 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

10 

Surface Water Receptor Score 13 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Onofre 
watershed. 

3. Range 210C is situated within a habitat that supports sensitive species such as the Arroyo Toad. 
Stephens Kangaroo Rat habitat is also located 1,000 feet west of the range (MCB Camp Pendleton, 
2007). Additionally, riparian habitat is located just south (150 feet) of the range (MCB Camp Pendleton, 
2011b). 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 

B-171 



APPENDIX B  
Small Arms Range Assessment Protocol 

 
 
 

 
Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 210C is not situated in the immediate vicinity of alluvial basins used as a source of drinking 

water. The nearest groundwater production well is located approximately 3.9 miles west of the range in 
the San Onofre alluvial basin (MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity of Range 210C, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 
 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 12 

Surface Water Receptors 4 13 

Sum of Surface Water Element Scores  40 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 8 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  27 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MINIMAL 

Notes:   
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 210G 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  There is 
currently a minimal amount of lead loading occurring at Range 210G; precipitation at MCB 
Camp Pendleton is low; and the average pH of the surface water is not conducive to lead 
dissolution.  Given these considerations, the overall ranking was adjusted to a Minimal score 
for surface waters. 
  
The Groundwater Evaluation Ranking resulted in a minimal score for this range.  As noted, 
lead loading associated with this range is anticipated to be low because of restrictions on its 
use.  Precipitation at MCB Camp Pendleton is low, and the average pH of the groundwater is 
not conducive to lead dissolution.  On the basis of the SARAP, there is minimal potential for 
lead migration and impacts to groundwater. 
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Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
3 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

1 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 9 

Notes: 
1. Range 210G has been in operation as a squad defense range since 1998.  Training may involve live-

fire rushes of the first line of targets. 

2. There are no bullet-capturing technologies employed at this range. 

3. Range 210G is not used regularly due to its orientation which conflicts with operations at surrounding 
ranges. No use of the range is noted in expenditure data for 2010 or 2011. Due to the lack of 
information and the limited range use, the MC loading rate has been assigned a low score for its MC 
loading rate. 

4. There is no regular maintenance conducted at this range. 
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Range 210G 
 

Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

3 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

5 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
-5 

Surface Water Pathway Score 8 
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Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information Range 210G is situated in the San Onofre Watershed (MCB 

Camp Pendleton, 2011b). Based on water quality information for the San Onofre watershed, the pH of 
surface water near Range 210G had a mean pH of 7.2 and a median pH of 6.98 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. There is no impact berm located at Range 210G. The overall slope of the range is approximately 7 
percent (MCB Camp Pendleton, 2011b). 

4. Overall groundcover within the range footprint consists of grass and brush with some dirt areas.  

5. The predominant type of soil throughout the range is Altamont clay (USDA NRCS, 2007). Due to the 
high clay content in the soil, the surface water runoff rate is anticipated to be rapid.   

6. Based on the site visit and topographic information, the range is equipped with drainage ditches 
behind each target line which may control surface water runoff; each drainage ditch appeared to 
contain a couple thin, low-lying bands of riprap.  
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Groundwater Pathway Score 8 
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Onofre alluvial basin ranges from 30-43 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a).  

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Onofre alluvial basin ranged from 6.99 to 7.40 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Altamont clay ranges from 6.6-8.0 (USDA 
NRCS, 2007).  

5. The predominant type of soil throughout the range is Altamont clay (USDA NRCS, 2007). 
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Range 210G 
 

Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

10 

Surface Water Receptor Score 13 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Onofre 
watershed. 

3. Range 210G is situated within a habitat that supports the Arroyo Toad and the Stephens Kangaroo Rat 
(MCB Camp Pendleton, 2007). Riparian habitat is located 500 feet west of the range (MCB Camp 
Pendleton, 2011b). 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 210G is not situated in the immediate vicinity of alluvial basins used as a source of drinking 

water. The nearest groundwater production well is located approximately 3.9 miles west of the range in 
the San Onofre alluvial basin (MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity of Range 210G, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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Table 6:  Evaluation Score 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 9 

Surface Water Pathways  2 8 

Surface Water Receptors 4 13 

Sum of Surface Water Element Scores  30 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 9 

Groundwater Pathways 3 8 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  21 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MINIMAL* 

Groundwater Evaluation Ranking MINIMAL 

Notes:   

*Based on the minimal lead loading and reduced potential for transport, the surface 
water ranking is decreased to Minimal. 
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 212A 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low, and the average pH of the surface water is not 
conducive to lead dissolution.  However, considerable lead loading is occurring at Range 
212A, and sensitive species have been identified directly adjacent to the range.  On the basis 
of the SARAP, there is moderate potential for lead migration and impacts to surface waters. 
 
The Groundwater Evaluation Ranking resulted in a Moderate score.  As noted, low 
precipitation reduces the potential for lead migration, as does the fact that the average pH of 
the groundwater is not conducive to lead dissolution.  Despite the considerable lead loading 
occurring at Range 212A, there is a lack of potential groundwater receptors.  Due to this lack 
of potential groundwater receptors the overall ranking was adjusted to a Minimal score.   
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Table 1:  Range Use and Range Management (Source) Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 212A has been operable as a rifle range since 1971. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 2,772 lb/yr.  

4. The range does not receive any regular maintenance. 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3-5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 13-15 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information Range 210C is situated in the San Onofre Watershed (MCB Camp 

Pendleton, 2011b). Based on water quality information for the San Onofre watershed the pH of surface 
water near Range 210C, had a mean pH of 7.2 and a median pH of 6.98 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the small backstop berm is 1.5:1. 

4. Overall groundcover within the range footprint consists of compacted dirt with limited vegetation. 
Vegetation increases beyond the impact berm.  During the site visit evidence of previous grass fires was 
evident. 

5. The predominant type of soil throughout the range is Visalia sandy loam which is primarily composed of 
sand, with some clay and silt (USDA NRCS, 2007). Due to the clayey sand, surface water run-off rates 
are considered to be medium.  

6. Based on the site visit and topographic information, the range is equipped with a backstop berm; 
however, it provides limited erosion control.  An intermittent stream runs just behind and adjacent to the 
range footprint.   
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 12 
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Onofre alluvial basin ranges from 30-43 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Onofre alluvial basin ranged from 6.99 to 7.40 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Visalia sandy loam is 6.5 (USDA NRCS, 2007).   

5. Visalia sandy loam is predominately composed of sand and contains some clay and silt (USDA NRCS, 
2007).   
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 8 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Onofre 
watershed. 

3. Riparian habitat is located approximately 2,000 feet south of the range (MCB Camp Pendleton, 2011b). 
Additionally, rare plant species may be present in areas south of the range (MCB Camp Pendleton, 
2007). 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 212A is not situated in the immediate vicinity of alluvial basins used in the production of drinking 

water. The nearest alluvial basin is the San Onofre basin located approximately 4 miles from the range 
(MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity Range 212A, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 
 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 13-15 

Surface Water Receptors 4 8 

Sum of Surface Water Element Scores  36-38 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 12 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  31 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MINIMAL* 

Notes:   

*Due to the lack of potential groundwater receptors, the groundwater ranking is 
decreased from Moderate to Minimal. 
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 213 (Horno Pistol) 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low and the average pH of the surface water is not 
conducive to lead dissolution.  However, considerable lead loading is occurring at Range 213, 
and rare plant species have been identified downstream of the range.  On the basis of the 
SARAP, there is moderate potential for lead migration and impacts to surface waters.  
 
The Groundwater Evaluation Ranking resulted in a Minimal score.  As noted, low 
precipitation contributes to this low score, as does the fact that the average pH of the 
groundwater is not conducive to lead dissolution.  Despite the considerable lead loading 
occurring at Range 213, there is a lack of potential groundwater receptors.  On the basis of the 
SARAP, there is minimal potential for lead migration and impacts to groundwater. 
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Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 213 has been operable as a pistol range since 1968. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 8,819 lb/yr.  

4. The range berm is resurfaced approximately once every 5 years, though this maintenance does not 
typically involve significant lead removal. 
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MCB Camp Pendleton 

Range 213 (Horno Pistol) 
 

Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3-5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

5 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
-5 

Surface Water Pathway Score 10-12 
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Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information Range 213 is situated in the San Onofre Watershed (MCB Camp 

Pendleton, 2011a). Based on water quality information for the San Onofre watershed the pH of surface 
water near Range 213, had a mean pH of 7.2 and a median pH of 6.98 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the hillside berm is 2:1.  

4. Overall groundcover within the range consists of concrete, asphalt, and dirt with limited vegetation. 
Vegetation increases beyond the impact berm. 

5. The predominant type of soil throughout the range is Steep gullied land which is primarily composed of 
sand and gravel, however, due to the steep nature of the slopes there is little soil (USDA NRCS, 2007). 
Based on the overall lack of soil in these areas, the surface water run-off rate is very rapid.   

6. The range is equipped with a hillside berm that is constructed in a manner that reduces surface water 
run-on across the berm face.  There are no engineered run-off controls. 
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MCB Camp Pendleton 

Range 213 (Horno Pistol) 
 

Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Groundwater Pathway Score 8 
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Onofre alluvial basin ranges from 30-43 ft.  

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Onofre alluvial basin ranged from 6.99 to 7.40 (Stetson, 2008a). 

4. The average pH of Steep gullied land is not provided in the NRCS report. Based on adjacent soil types 
the pH of the soil in Range 213 is assumed to be in the 6.5 to 8.5 range (USDA NRCS, 2007).   

5. Steep gullied land is predominately composed of sand and gravel; however, the layers are overlying 
rock thus infiltration is limited (USDA NRCS, 2007). 
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MCB Camp Pendleton 

Range 213 (Horno Pistol) 
 

Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 8 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Onofre 
watershed. 

3. A riparian habitat is located approximately 3,500 feet downstream of the range (MCB Camp Pendleton, 
2011b). Rare plant species may be present in areas south of the range (MCB Camp Pendleton, 2007) 
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MCB Camp Pendleton 

Range 213 (Horno Pistol) 
 

Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 213 is not situated in the immediate vicinity of alluvial basins used as a source of drinking water. 

The nearest alluvial basin is the San Onofre basin located approximately 4.5 miles from the range 
(MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity of Range 213, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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MCB Camp Pendleton 

Range 213 (Horno Pistol) 
 

Table 6:  Evaluation Score  
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 10-12 

Surface Water Receptors 4 8 

Sum of Surface Water Element Scores  33-35 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 8 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  27 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MINIMAL 

Notes:   
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 214 (Horno Rifle) 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low, and the average pH of the surface water is not 
conducive to lead dissolution.  However, considerable lead loading is occurring at Range 214 
(Horno Rifle) and rare plant species have been identified downstream of the range.  On the 
basis of the SARAP, there is moderate potential for lead migration and impacts to surface 
waters. 
 
The Groundwater Evaluation Ranking resulted in a Moderate score for this range.  As noted, 
precipitation is low and the average pH of the groundwater is not conducive to lead 
dissolution.  Despite the considerable lead loading occurring at Range 214, there is a lack of 
potential groundwater receptors.  Based on the low potential for lead migration and lack of 
potential groundwater receptors, the overall ranking was adjusted to a Minimal score.   
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MCB Camp Pendleton 

Range 214 (Horno Rifle) 
 

Table 1:  Range Use and Range Management (Source) Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 214 has been operable as a rifle range since 1961. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 14,246 lb/yr.  

4. The range berm is resurfaced approximately once every 5 years, though this maintenance does not 
typically involve significant lead removal. 
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MCB Camp Pendleton 
Range 214 (Horno Rifle) 

 
Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
-5 

Surface Water Pathway Score 8 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information Range 214 is situated in the San Onofre Watershed (MCB 

Camp Pendleton, 2011b). Based on water quality information for the San Onofre watershed the pH of 
surface water near Range 210C, had a mean pH of 7.2 and a median pH of 6.98 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the berm is 2:1.  

4. Overall groundcover within the range footprint consists of dirt with moderate vegetation. Vegetation 
increases beyond the impact berm. 

5. The predominant type of soil throughout the range is Las Flores loamy fine sand which is primarily 
composed of fine sand with some clay and silt (USDA NRCS, 2007). Due to the moderate clay content 
of this soil, surface water runoff rates are anticipated to be medium.   

6. Based on the site visit and topographic information, the range is equipped with a backstop berm that 
controls stormwater run-on. Channels and sub-surface drainage pipes are also used to control run-off.  
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MCB Camp Pendleton 
Range 214 (Horno Rifle) 

 
Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 14 
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Onofre alluvial basin ranges from 30-43 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Onofre alluvial basin ranged from 6.99 to 7.40 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Las Flores loamy fine sand ranges from 5.8-7.3 
(USDA NRCS, 2007). The pH of the soil is not anticipated to exceed 8.5; a moderating score (i.e., 3) 
was assigned to this criterion to account for the potential of pH to drop below 6.5.  

5. Las Flores loamy fine sand is primarily composed of fine sand with some clay and silt (USDA NRCS, 
2007). 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 8 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Onofre 
watershed. 

3. A riparian habitat is located approximately 3,000 feet south of the range (MCB Camp Pendleton, 2011b). 
Rare plant species have been noted in areas south of the range (MCB Camp Pendleton, 2007). 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 214 is not situated in the immediate vicinity of alluvial basins used in the production of drinking 

water. The nearest groundwater basin is the San Onofre basin located approximately 4.5 miles from 
the range (MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity of Range 214, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 
 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 8 

Surface Water Receptors 4 8 

Sum of Surface Water Element Scores  31 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 14 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  33 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MINIMAL* 

Notes:  

*Due to the lack of potential groundwater receptors the groundwater ranking is 
decreased from Moderate to Minimal.  
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 216 BZO 
 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low, and the average pH of the surface water is not 
conducive to lead dissolution.  However, sensitive plant species have been identified 
downstream of the range.  On the basis of the SARAP, there is moderate potential for lead 
migration and impacts to surface waters.  
 
The Groundwater Evaluation Ranking resulted in a Minimal score for this range. Precipitation 
at MCB Camp Pendleton is low and the average pH of the groundwater is not conducive to 
lead dissolution.  Additionally, there is a lack of potential groundwater receptors.  On the 
basis of the SARAP, there is minimal potential for lead migration and impacts to 
groundwater. 
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Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

3 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 13 

Notes: 
1. Range 216 has been operable as a range since 1952.  It is currently used as a battle sight zero (BZO) 

range.  The facility also includes a small SACON house and a former (i.e. unusable, overgrown with 
vegetation) machine gun field. Only the BZO facility is evaluated here. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead for all of Range 216 is 409 lb/yr.  

4. There are no formal maintenance activities conducted at Range 216 BZO.  
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MCB Camp Pendleton 

Range 216 BZO 
 

Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

1-3 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 11-13 
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Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information Range 216 BZO is situated in the San Onofre Watershed (MCB 

Camp Pendleton, 2011b). Based on water quality information for the San Onofre watershed the pH of 
surface water near Range 216 BZO, had a mean pH of 7.2 and a median pH of 6.98 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the small hillside berm is 2:1.  

4. Overall groundcover within the range footprint consists of dirt with some sparse grass and low brush. 
Brushy vegetation is adjacent to portions of the BZO, including the former machine gun field. 

5. The predominant type of soil throughout the range is Visalia sandy loam which is primarily composed of 
sand, with some clay and silt (USDA NRCS, 2007). Due to the clay contents of this soil, surface water 
runoff rates are considered to be medium.   

6. There are no specific engineering controls to control run-on or run-off from the range.  An ephemeral 
creek runs adjacent to the range. 
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MCB Camp Pendleton 

Range 216 BZO 
 

Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

3 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 12 
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Onofre alluvial basin ranges from 30-43 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Onofre alluvial basin ranged from 6.99 to 7.40 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Visalia sandy loam is 6.5 (USDA NRCS, 2007). 

5. The predominant type of soil throughout the range is Visalia sandy loam which is primarily composed 
of sand, with some clay and silt (USDA NRCS, 2007). 
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MCB Camp Pendleton 

Range 216 BZO 
 

Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 8 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region.  

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Onofre 
watershed. 

3. A riparian habitat is located approximately 2,000 feet south of the range (MCB Camp Pendleton, 2011b). 
Rare plant species may be present in areas south of the range (MCB Camp Pendleton, 2007). 
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MCB Camp Pendleton 

Range 216 BZO 
 

Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 216 BZO is not situated in the immediate vicinity of alluvial basins used as a source of drinking 

water. The nearest alluvial basin is the San Onofre basin located approximately 4.5 miles from the 
range (MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity Range 216 BZO, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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MCB Camp Pendleton 

Range 216 BZO 
 

Table 6:  Evaluation Score 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 13 

Surface Water Pathways  2 11-13 

Surface Water Receptors 4 8 

Sum of Surface Water Element Scores  32-34 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 13 

Groundwater Pathways 3 12 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  29 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MINIMAL 

Notes:   
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 223A 200-Yard Range 
 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low, and the average pH of the surface water is not 
conducive to lead dissolution.  However, considerable lead loading is occurring at this range, 
and sensitive species have been identified downstream of the range.  On the basis of the 
SARAP, there is moderate potential for lead migration and impacts to surface waters.  
  
The Groundwater Evaluation Ranking resulted in a Moderate score for this range.  As noted, 
precipitation at MCB Camp Pendleton is low and the average pH of the groundwater is not 
conducive to lead dissolution.  However, there is considerable lead loading occurring at this 
range.  On the basis of the SARAP, there is moderate potential for lead migration and impacts 
to groundwater. 
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MCB Camp Pendleton 

Range 223A 200-Yard Range 
 

Table 1:  Range Use and Range Management (Source) Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 223A has been in operation as a small arms range since the 1960s. The facility also includes a 

shoot house facility.  Only the 200-yard range is evaluated here. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 2,695 lbs/yr.  

4. There is no regular maintenance conducted at this range.  
 
 
 

B-230 



 

 
APPENDIX B  

Small Arms Range Assessment Protocol 
  

MCB Camp Pendleton 
Range 223A 200-Yard Range 

 
Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3-5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 13-15 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Range 223A is situated in the Las Flores watershed. Based on the Final Project Report for the Surface 

Water Quality Sampling Program, the surface water in the Las Flores watershed had a mean pH of 
7.95 and a median pH of 7.99 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. An impact berm was re-built into the hillside in 2007. 

4. Overall groundcover within the range footprint consists of a mostly gravel and dirt. The surrounding 
berms are covered with grass and low brush.  

5. The predominant type of soil throughout the range is Las Flores loamy fine sand which consists of fine 
sand, with some clay and silt (USDA NRCS, 2007).  Due to the clay and sand contents of this soil, 
surface water runoff rates are assumed to medium. 

6. The range is not equipped with run-off/run-on controls.   
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MCB Camp Pendleton 
Range 223A 200-Yard Range 

 
Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

5 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 16 
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater at the in the Las Flores groundwater unit ranges from 10 to 58 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the Las Flores alluvial basin ranges from 7.29 to 7.34 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Las Flores loamy fine sand ranges from is 5.8-
7.3 (USDA NRCS, 2007). The pH of the soil is not anticipated to exceed 8.5; a moderating score (i.e., 
3) was assigned to this criterion to account for the potential of pH to drop below 6.5. 

5. The predominant type of soil throughout the range is Las Flores loamy fine sand (USDA NRCS, 2007). 
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MCB Camp Pendleton 
Range 223A 200-Yard Range 

 
Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

5 

Surface Water Receptor Score 8 

B-235 



APPENDIX B  
Small Arms Range Assessment Protocol 

 
 
 

 
Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of 

drinking water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the Las Flores 
watershed. 

3. A riparian habitat is located approximately 1,000 feet west of the range. Sensitive species that could 
be potentially supported by this habitat include the least Bell’s vireo and the Stephen’s kangaroo rat.   
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Range 223A 200-Yard Range 

 
Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 223A is not situated in the immediate vicinity of an alluvial basin used as a source of drinking 

water. The nearest groundwater production well is located approximately 4.4 miles southwest of the 
range in the Las Flores alluvial basin (MCB Camp Pendleton, 2011b). No evidence of lead has been 
noted in the monitoring of those groundwater wells. 

2. Groundwater is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).   

3. There are no known springs or other groundwater pathways for exposure to nearby threatened or 
endangered species within the immediate vicinity of the range. 
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MCB Camp Pendleton 
Range 223A 200-Yard Range 

 
Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 
 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 13-15 

Surface Water Receptors 4 8 

Sum of Surface Water Element Scores  36-38 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 16 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  35 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MODERATE 

Notes:   
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 300 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low and the average pH of the surface water is not 
conducive to lead dissolution.  However, considerable lead loading is occurring at Range 300 
and multiple sensitive species have been identified within riparian habitat directly adjacent to 
the range.  On the basis of the SARAP, there is moderate potential for lead migration and 
impacts to surface waters.  
 
The Groundwater Evaluation Ranking resulted in a Moderate score.  Precipitation at MCB 
Camp Pendleton is low and the average pH of the groundwater is not conducive to lead 
dissolution.  However, there is considerable lead loading occurring at Range 300, and an 
alluvial basin used as a source of groundwater is situated within one mile of the range.  On the 
basis of the SARAP, there is moderate potential for lead migration and impacts to 
groundwater. 
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Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 300 has been operable as a familiarization range since 1968. 

2. There are no bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 2,448 lb/yr.  

4. There is no formal maintenance activities performed at this range. 
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MCB Camp Pendleton 

Range 300 
 

Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

5 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 17 
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Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information, Range 300 is situated in the San Mateo watershed (MCB Camp 

Pendleton, 2011b). Based on water quality information, the surface water in the San Mateo watershed 
had a mean pH of 7.35 and a median pH of 7.17 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the target berm is 2:1.  

4. Overall groundcover within the range footprint consists of dirt with sparse vegetation. Vegetation 
increases beyond the impact berm and up the hill side.  However, between the range and the San Mateo 
River there is very little vegetation. 

5. The predominant soil type throughout the range is Terrance escarpments which are composed mainly of 
gravel overlaying rock. Since this gravel overlays rock run-off rate are considered to be rapid. 

6. Based on the site visit and topographic information, the range is equipped with a backstop berm that 
partially controls minor precipitation event’s stormwater run-on.  There are no stormwater runoff controls 
and the berm does not contain any vegetation. 
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

5 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

1 

Groundwater Pathway Score 10 
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Mateo alluvial basin ranges from 12 to 32 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Mateo alluvial basin ranged from 7.03 to 7.18 (Stetson, 2008a). 

4. The average pH of Terrance Escarpment is not provided in the NRCS report. Based on the NRCS 
report, the pH of surrounding soils is approximately 7.5 (USDA NRCS, 2007). 

5. The predominant soil type throughout the range is Terrance escarpments which are composed mainly 
of gravel overlaying rock. Since this gravel overlays rock infiltration is extremely slow. 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

10 

Surface Water Receptor Score 13 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Mateo 
watershed. 

3. Range 300 is located adjacent to a riparian habitat defined along the San Mateo River (MCB Camp 
Pendleton, 2011b). The California Gnatcatcher, Arroyo Toad, and some rare plant species are suspected 
to be present in this area (MCB Camp Pendleton, 2007). 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

5 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 7 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 300 is not situated in the immediate vicinity of alluvial basins used as source of drinking water. 

The nearest alluvial basin is the San Mateo basin located approximately 0.9 miles west of the range. 
The nearest well dedicated to drinking water production is approximately 1.1 miles from the range 
(MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity of Range 300, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species 
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Table 6:  Evaluation Score 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 17 

Surface Water Receptors 4 13 

Sum of Surface Water Element Scores  45 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 10 

Groundwater Receptors 5 7 

Sum of Groundwater Element Scores  32 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MODERATE 

Notes:   
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 303 
 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  Range 
303 has been operable for a short period of time with moderate lead loading rates; 
precipitation at MCB Camp Pendleton is low; and the average pH of the surface water is not 
conducive to lead dissolution.  Given these considerations, the overall ranking was adjusted to 
a Minimal score for surface waters. 
 
The Groundwater Evaluation Ranking resulted in a Minimal score for this range.  As noted, 
the short operating history and low precipitation contribute to this low score, as does the fact 
that the average pH of the groundwater is not conducive to lead dissolution.  On the basis of 
the SARAP, there is minimal potential for lead migration and impacts to groundwater. 
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Table 1:  Range Use and Range Management (Source) Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
1 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

3 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 9 

Notes: 
1. Range 303 has been operated by the Navy as a BZO and pistol range since April 2009. 

2. There are no current bullet-capturing technologies employed at this range. 

3. Based on the current loading calculations conducted for the 5-year review, the average annual loading 
rate of lead is 301 lb/yr.  

4. There is no formal maintenance activities performed at this range. 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
1 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

5 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
-5 

Surface Water Pathway Score 8 
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Table 2:  Surface Water Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information, Range 303 is situated in the San Mateo watershed (MCB Camp 

Pendleton, 2011b). Based on water quality information for the San Mateo watershed, surface water in 
this watershed had a mean pH of 7.35 and a median pH of 7.17 (Stetson, 2010). 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The approximate deviation from the horizontal of the hillside target berm is 3:1.  

4. Overall groundcover within the range footprint consists of dirt and low grasses.  The target berm is 
covered with grasses, with only a few bullet pockets. Vegetation increases in areas adjacent to the 
range; some dirt roads are nearby. 

5. The predominant soil type throughout the range is Las Flores loamy fine sand which consists primarily of 
fine sand with some clays and silts (USDA NRCS, 2007). Due to the clay content of this soil, the surface 
water run-off rate is medium. 

6. There are no constructed surface water drainage controls at Range 303.  However, the vegetation in the 
drainages leading away from the range may slow migration of particles in stormwater run-off. 
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

5 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 16 
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Table 3:  Groundwater Pathways Characteristics Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. The depth to groundwater in the San Mateo alluvial basin ranges from 12-32 ft.  

2. The seasonal rainfall at the installation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp 
Pendleton, 2011a). 

3. Based on water quality information collected between the years 1997 and 2008, the pH of the 
groundwater in the San Mateo alluvial basin ranged from 7.03 to 7.18 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the average pH of Las Flores loamy fine sand ranges from is 5.8-
7.3 (USDA NRCS, 2007). The pH of the soil is not anticipated to exceed 8.5; a moderating score (i.e., 
3) was assigned to this criterion to account for the potential of pH to drop below 6.5. 

5. The predominant soil type throughout the range is Las Flores loamy fine sand which consists primarily 
of fine sand with some clays and silts (USDA NRCS, 2007). 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

10 

Surface Water Receptor Score 13 
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Table 4:  Surface Water Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the San Mateo 
watershed. 

3. Range 303 is located adjacent to riparian habitat (MCB Camp Pendleton, 2011b). The California 
gnatcatcher, arroyo toad, and some rare plants are suspected to be present in this area (MCB Camp 
Pendleton, 2007). 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 
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Table 5:  Groundwater Receptors Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 303 is not situated in the immediate vicinity of alluvial basins used in the production of drinking 

water. The nearest alluvial basin is the San Mateo basin located approximately 2 miles south of the 
range. The nearest well dedicated to drinking water production is approximately 2.5 miles from the 
range (MCB Camp Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).   

3. There are no groundwater production wells in the immediate vicinity of Range 303, nor are there any 
known springs or other pathways for exposure to nearby threatened or endangered species. 
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Table 6:  Evaluation Score 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 
 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 9 

Surface Water Pathways  2 8 

Surface Water Receptors 4 13 

Sum of Surface Water Element Scores  30 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 9 

Groundwater Pathways 3 16 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  29 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MINIMAL* 

Groundwater Evaluation Ranking MINIMAL 

Notes:   

*Based on the minimal lead loading and reduced potential for transport, the surface 
water ranking is decreased to Minimal. 
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INSTALLATION:    MCB Camp Pendleton 
LOCATION:   Oceanside, California 
RANGE:    Range 501 
   
ASSESSMENT RESULTS: 
 
The Surface Water Evaluation Ranking resulted in a Moderate score for this range.  
Precipitation at MCB Camp Pendleton is low, and opportunities for surface water transport 
are limited.  However, there is a considerable amount of lead loading occurring at Range 501, 
and sensitive species have been noted on the range.  On the basis of the SARAP, there is a 
moderate potential for lead migration and impacts to surface waters. 
 
The Groundwater Evaluation Ranking resulted in a Moderate score for this range. As noted, 
low precipitation contributes to the low score, as does the fact that the average pH of the 
groundwater is not conducive to lead dissolution.  Despite the considerable lead loading 
occurring at Range 501 there is a lack of potential groundwater receptors. On the basis of the 
SARAP, there is a moderate potential for lead migration and impacts to groundwater. 
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MCB Camp Pendleton 
Range 501 

 
Table 1:  Range Use and Range Management (Source) Element 

(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Duration of 
Range Use 

Length of time the range has 
been used 

5 if usage > 30 years 

3 if usage is 10 to 30 years 

1 if usage < 10 years 
5 

Bullet-
Capturing 
Technology 

The presence and duration of 
bullet-capturing technologies 
(does not include earthen 
backstop berms) 

Compare the duration of the 
range use to the duration of 
bullet-capturing technologies. 

-3 if range usage duration = bullet capture 
duration 

 
-1 if range usage duration – bullet capture 

duration = 10 to 30 years 
 

0 if range usage duration – bullet capture 
duration > 30 years 

0 

MC Loading 
Rates 

The amount and types of small 
arms ammunition expended on 
the range 

Estimate the MC loading by 
using a time weighted average 
of MC loading rates 

5 if MC loading > 1000 pounds/year 

3 if MC loading = 100 to 1000 pounds/year 

1 if MC loading < 100 pounds/year  

 

5 

Range 
Maintenance 

Frequency of any range 
maintenance activities involving 
the removal of lead from the 
ranges 

5 if lead is removed less than every three 
years 

 
3 if lead is removed more than every three 

years but less than annually 
 

1 if lead is removed at least annually 

5 

Source Element Score 15 

Notes: 
1. Range 501 has been in operation as a small arms range since 1961.  

2. There are no bullet capturing technologies implemented at the range. 

3. The average annual loading rate of lead is 1,786 lb/yr. 

4. There are no formal, regularly scheduled, maintenance activities currently performed at this range.  
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MCB Camp Pendleton 

Range 501 
 

Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

pH of Water 
pH below 6.5 and above 8.5 increases 
the rate of lead dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Precipitation Intensity and frequency of precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 
inches/year 

 
1 if precipitation < 20 inches/year 

1 

Slope of 
Range 

The amount of deviation from the 
horizontal for the berm / target area 

5 if slope > 10% 

3 if slope = 5% to 10% 

1 if slope <  5% 

1 

Vegetation 
Approximate vegetation cover within 
and directly downslope of the surface 
danger zone 

5 if vegetation cover < 20% 

3 if vegetation cover = 20% to 50% 

1 if vegetation cover > 50% 
 

3-5 

Soil 
Type/Runoff 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more infiltration 
and less runoff compared to soil with 
low porosity (silts/clays).  

5 if soil type is clay / silty clay 

3 if soil type is clayey sand / silt 

1 if soil type is sand/gravel 

3 

Runoff/ 
Erosion 
Engineering 
Controls 

The presence of engineering controls or 
BMPs to modify or control surface water 
runoff and erosion 

Partial engineering controls include 
using erosion controls such as a proper 
groundcover or use of berms for run-on 
or run-off control.  Using a combination 
of multiple partial engineering controls 
may create an effective engineering 
control.  Other effective engineering 
controls include bullet containment 
technologies.  

 

0 if no engineering controls 

-5 if partial engineering controls 

-10 if effective engineering controls 
0 

Surface Water Pathway Score 11-13 
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Table 2:  Surface Water Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics Score Criteria Site 
Score 

Notes: 
1. Based on installation GIS information, Range 501 is located within the Aliso watershed (MCB Camp 

Pendleton. 2011b). Limited surface water sampling has been conducted in this watershed.  Based on 
sampling data for other watersheds within the installation, the pH values of surface water for off range 
areas are assumed to range from 6.24 to 8.07 (Malcolm Pirnie, Inc.  2008). The pH of surface water is 
not anticipated to exceed 8.5; a moderating score (i.e., 3) was assigned to this criterion to account for the 
potential of pH to drop below 6.5. 

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. No impact berm is present at this range.  The approximate amount of deviation from the firing line and 
the target areas is 2 percent (MCB Camp Pendleton, 2011b).  

4. Overall groundcover within the range footprint is a mix of dirt, sparse grass and shrubs. 

5. The predominant soil type throughout the range footprint is Huerhuero loam (USDA NRCS, 2007). Due to 
the clay content in these soils, surface water run-off rates are anticipated to be medium.  

6. The range is not equipped with any run-off control feature. Storm water will follow the surface topography 
and drain off the range to the east, south, and west. 
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MCB Camp Pendleton 

Range 501 
 

Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Depth to 
Groundwater 

The potential for impact to the 
groundwater decreases with 
an increasing depth to the 
water table.   

5 if depth to groundwater < 20 feet 

3 if depth to groundwater = 20-99 feet 

1 if depth to groundwater = 100-300 feet 

0 if depth to groundwater >300 feet 

5 

Precipitation Intensity and frequency of 
precipitation 

5 if precipitation > 40 inches/year 
 

3 if precipitation = 20-40 inches/year 
 

1 if precipitation < 20 inches/year 

1 

pH of Water 
pH below 6.5 and above 8.5 
increases the rate of lead 
dissolution. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 

1 

pH of Soil 

Lead tends to stay dissolved 
at pH conditions less than 6.5 
and greater than 8.5 but 
tends to attach to soil 
particles at pH conditions 
between these levels. 

5 if pH < 6.5 

3 if pH > 8.5 

1 if pH 6.5 ≤ pH ≤ 8.5 
3 

Soil 
Type/Infiltration 
Conditions 

Soil with a higher porosity 
(sands/gravels) has more 
infiltration and less runoff 
compared to soil with low 
porosity (silts/clays). 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Clay Content in 
Soil 

Amount of clay in the soil 

Lead attaches to clay soil 
more readily than any other 
soil types. 

5 if soil type is sand/gravel 

3 if soil type is clayey sand / silt 

1 if soil type is clay / silty clay 

3 

Groundwater Pathway Score 16 
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Table 3:  Groundwater Pathways Characteristics Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation Characteristics 
Score  

Criteria 
Site 

Score 

Notes: 
1. There are no known groundwater wells in this area.  The depth to groundwater is conservatively 

assumed to be similar to the depth in the Las Flores and Santa Margarita watershed which have a 
depth to groundwater of between 3 and 58 feet below ground surface.  

2. Precipitation averaged 11.3 inches/year from 2006 to 2011 (MCB Camp Pendleton, 2011a). 

3. The pH of groundwater in the Las Flores and Santa Margarita alluvial basins range between 7.29 and 
7.53 (Stetson, 2008a). 

4. According to the NRCS Soil Report, the pH of Huerhuero loam ranges from 5.3 to 8.2 (USDA NRCS, 
2007). The pH of the soil is not anticipated to exceed 8.5; a moderating score (i.e., 3) was assigned to 
this criterion to account for the potential of pH to drop below 6.5. 

5. Huerhuero loam is predominately composed of clay loams with some sand (USDA NRCS, 2007). 
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MCB Camp Pendleton 

Range 501 
 

Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Drinking 
Water Usage 

Identify if nearby 
surface water 
bodies are used as 
a drinking water 
source. 

10 if analytical data or observable evidence indicates 
that contamination in the media is present at, is moving 
toward, or has a reasonable potential to move toward a 
surface water body used as a potable water supply or if 

a designation as a potable water source is unknown 
 

5 if contamination in the media has moved or is 
expected to move only slightly beyond the source (tens 
of feet) or could move, but is not moving appreciably, 
toward surface water body used as a potable water 

supply or if a designation as a potable water source is 
unknown 

 
2 if low possibility for contamination in the media to be 

present at or migrate to a point of exposure 

2 

Agricultural 
or Other 
Beneficial 
Usage 

Identify if nearby 
surface water 
bodies are used as 
an agricultural or 
other beneficial 
use, such as 
recreational 
(excluding drinking 
water). 

5 if analytical data or observable evidence indicates that 
contamination in the media is present at, is moving 
toward, or has moved to a point of exposure or if a 

designation as agricultural or other beneficial usage is 
unknown 

 
3 if contamination in the media has moved only slightly 
beyond the source (tens of feet) or could move but is 

not moving appreciably. 
 

1 if low possibility for contamination in the media to be 
present at or migrate to a point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
or 
Endangered 
Species 

Identify if nearby 
surface water 
bodies are 
downgradient of or 
nearby any 
sensitive species 
habitat or 
threatened or 
endangered 
species. 

10 if identified receptors have access to possibly 
contaminated media and/or are located adjacent to the 

range boundary 
 

5 if potential for receptors to have access to possibly 
contaminated media 

 
1 if little or no potential for receptors to have access to 

possible contaminated media 

10 

Surface Water Receptor Score 13 
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Table 4:  Surface Water Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes: 
1. Surface water is not the primary source of drinking water; groundwater is the primary source of drinking 

water in this region. 

2. Surface water is not currently being used to support agricultural activities at Camp Pendleton (MCB 
Camp Pendleton, 2007).  The installation may be used for a variety of recreational opportunities by its 
personnel, and when surface water is present, it is possible such uses are supported in the Aliso 
watershed. 

3. A habitat that potentially supports the Pacific Pocket Mouse is situated within Range 501. Riparian 
habitat is noted approximately 4,000 feet downstream of the range (MCB Camp Pendleton, 2011b). 
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Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Wells 
Identified as 
Potable 
Water 
Sources 

Number and location 
of potable water or 
potable water supply 
wells relative to the 
location of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

10 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as a 
potable water source is unknown 

 
5 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
2 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence or point of 

exposure 

2 

Wells 
Identified for 
Agricultural 
or Other 
Beneficial 
Usage 

Number and location 
of agricultural wells 
relative to the location 
of the range 

Evaluate well 
construction / radius of 
influence data and 
hydrogeologic setting 
to assess if wells are 
potential receptors. 

5 if analytical data or observable evidence or site 
conditions indicate that MC may be within or moving 
toward a reasonable radius of influence of a well or 

other point of exposure or if a designation as 
agricultural or other beneficial usage is unknown 

 
3 if analytical data or observable evidence or site 

conditions indicate that MC have moved only slightly 
beyond the source (tens of feet) or could move toward 

a reasonable radius of influence of a well or other 
point of exposure, but are not moving appreciably 

 
1 if low possibility for MC to be present at or migrate 
to within a reasonable radius of influence of a well or 

point of exposure 

1 

Sensitive 
Species 
Habitat and 
Threatened 
and 
Endangered 
Species 

Evaluate of 
groundwater 
discharge or usage 
near areas of sensitive 
species habitat or 
areas where 
threatened and 
endangered species 
are located within 
proximity of the range 

5 if identified receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

3 if potential for receptors exposed to potentially MC-
impacted water from groundwater or groundwater 

sources 
 

1 if little or no potential for receptors exposed to 
potentially MC-impacted water from groundwater or 

groundwater sources 

1 

Groundwater Receptor Score 4 

B-270 



 

 
APPENDIX B  

Small Arms Range Assessment Protocol 
  

Table 5:  Groundwater Receptors Element 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

Criteria Evaluation 
Characteristics 

Score  
Criteria 

Site 
Score 

Notes:  
1. Range 501 is not situated near an alluvial basin used as a source of drinking water (MCB Camp 

Pendleton, 2011b). 

2. Groundwater is not currently being used to support agricultural activities or other beneficial uses at 
Camp Pendleton (MCB Camp Pendleton, 2007).   

3. There are no groundwater production wells near Range 501, nor are there any known springs or other 
pathways for exposure to nearby threatened or endangered species. 
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MCB Camp Pendleton 

Range 501 
 

Table 6:  Evaluation Score 
(These definitions only apply for the purposes of the Small Arms Range Assessment Protocol.) 

 

Surface Water 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Surface Water Pathways  2 11-13 

Surface Water Receptors 4 13 

Sum of Surface Water Element Scores  39-41 

Groundwater 

Element Table Score 

Range Use and Range Management (Source)  1 15 

Groundwater Pathways 3 16 

Groundwater Receptors 5 4 

Sum of Groundwater Element Scores  35 

The relative evaluation ranking for each media is determined by selecting 
the appropriate score based on the data elements for that media: 
 

Evaluation Ranking*    Score Range 
High                         50-65 
Moderate                         30-49 
Minimal                                                                             0-29 

 
*Use the Evaluation Ranking to determine if further actions are warranted 
based on the guidelines for recommended actions, as defined in Table 7. 
 

 

Surface Water Evaluation Ranking MODERATE 

Groundwater Evaluation Ranking MODERATE 

Notes:   
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Operational Range Assessment Screening Values 
Version 6.1 
Updated 01 August 2012 
 
Operational Range Assessment Screening Values 
 

Operational Range Assessment Screening Value Tables 
 

Table 1 - Human Drinking Water Values 
 

MC 
  
CAS # 

Screening Value 
Value (µg/L) Source 

Antimony 7440-36-0 6 EPA RSL Tablea 
Arsenic 7440-38-2 0.045 EPA RSL Tablea 
Barium 7440-39-3 2000 EPA RSL Tablea 
Cadmium 7440-43-9 5 EPA RSL Tablea 
Chromium1 7440-47-3 100 EPA RSL Tablea 
Copper 7440-50-8 620 EPA RSL Tablea 
Lead 7439-92-1 15 Region 6b 
Manganese 7439-96-5 320 EPA RSL Tablea 
Mercury2 7487-94-7 0.63 EPA RSL Tablea 
Molybdenum 7439-98-7 78 EPA RSL Tablea 
Nickel 7440-02-0 300 EPA RSL Tablea 
Silver 7440-22-4 71 EPA RSL Tablea 
Vanadium  7440-62-2   78 EPA RSL Tablea 
Zinc 7440-66-6 4700 EPA RSL Tablea 
HMX 2691-41-0 780 EPA RSL Tablea 
RDX 121-82-4 0.61 EPA RSL Tablea 
TNT 118-96-7 2.2 EPA RSL Tablea 
1,3,5-TNB 99-35-4 460 EPA RSL Tablea 
1,3-DNB 99-65-0 1.5 EPA RSL Tablea 
tetryl 479-45-8 63 EPA RSL Tablea 
NB 98-95-3 0.12 EPA RSL Tablea 
2A-4,6-DNT 35572-78-2 30 EPA RSL Tablea 
4A-2,6-DNT 1946-51-0 30 EPA RSL Tablea 
DNT-mixture 
2,4/2,6 25321-14-6 0.092 

 
EPA RSL Tablea 

2,6-DNT 606-20-2 15 EPA RSL Tablea 
2,4-DNT 121-14-2 0.20 EPA RSL Tablea 
2-NT (o-) 88-72-2 0.27 EPA RSL Tablea 
3-NT (m-) 99-08-1 1.3 Region 6b 
4-NT (p-) 99-99-0 3.7 EPA RSL Tablea 
Nitroglycerin 55-63-0 1.5 EPA RSL Tablea 
PETN 78-11-5 16  
Perchlorate 14797-73-0 15 DoDc 

 
Notes:  
These values are "default" values.  Local standards may be more stringent and take precedence. 
NA – Not Available (Screening levels were not developed due to the lack of scientific data on the specific 
constituents. 
1 - Screening value is for Total Chromium 
2 - Screening value is for Elemental Mercury 
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Sources: 
a - EPA Regional Screening Levels (RSL) table – From “Regional Screening Levels for Chemical Contaminants at 
Superfund Sites” which is an update for Region 3 RBCs, Region 6 MSSLs, and Region 9 PRGs. From:  
http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/Generic_Tables/index.htm (30 May 2012) 
b - Region 6 – Region 6 MSSL Values 
c - DoD – The Department of Defense has established a screening value for perchlorate of 15 ppb. 
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Table 2 – Ecological Freshwater Surface Water System Values 
 
 Freshwater Surface Water Freshwater Sediment 
MC CAS # Value 

(µg/L) 
Source Value 

(mg/kg) 
Source 

Antimony 7440-36-0 30 EPA Region 3a 12 EPA Region 4d 
Arsenic 7440-38-2 150 EPA NRWQC2,b 8.2 EPA OSWER*,c 
Barium 7440-39-3 3.9 EPA OSWERc 20 EPA Region 6f 

Cadmium 7440-43-9 0.25 EPA NRWQC2,3,b 1.2 EPA OSWERc 
Chromium 
(VI) 7440-47-3 11 EPA NRWQC2,b 81 EPA OSWERc 
Copper 7440-50-8 9 EPA NRWQC2,3,b 34 EPA OSWERc 
Lead 7439-92-1 2.5 EPA NRWQC2,3,b 47 EPA OSWERc 
Manganese 7439-96-5 80 EPA OSWERc 460 Ontario Guidelinesk 

Mercury 22967-92-6 0.77 EPA NRWQC2,b 0.15 EPA OSWERc 

Molybdenum 7439-98-7 240 EPA OSWERc 4 
D.D.MacDonald et al., 
1994g 

Nickel 7440-02-0 52 EPA NRWQC2,3,b 21 EPA OSWERc 
Silver 7440-22-4 3.2 EPA NRWQC2,3,b 2 EPA Region 4d 

Vanadium  7440-62-2   19 EPA OSWERc 50 
NOAA Screening 
Tablesh 

Zinc 7440-66-6 120 EPA NRWQC2,3,b 150 EPA OSWERc 
HMX 2691-41-0 150 EPA Region 3a .0047-.47 EPA Region 41,d   
RDX 121-82-4 190 EPA Region 4d .013-1.3 EPA Region 41,d   
TNT 118-96-7 90 EPA Region 4d .092-9.2 EPA Region 41,d   
1,3,5-TNB 99-35-4 11 EPA Region 4d .0024-.24 EPA Region 41,d   
1,3-DNB 99-65-0 20 EPA Region 4d .0067-.67 EPA Region 41,d   

tetryl 479-45-8 NA  53.4 
Nipper et al., 2002j 
(fine grain sediment) 

NB 98-95-3 270 EPA Region 4d 0.488 EPA Region 4d 
2A-4,6-DNT 35572-78-2 20 EPA Region 4d NA   
4A-2,6-DNT 1946-51-0 NA  NA   
2,6-DNT 606-20-2 42 EPA Region 4d 0.0206 EPA Region 4d 
2,4-DNT 121-14-2 44 EPA Region 3a 0.0751 EPA Region 4d 
2-NT (o-) 88-72-2 NA  NA   
3-NT (m-) 99-08-1 750 EPA Region 3a NA   
4-NT (p-) 99-99-0 1900 EPA Region 3a NA   
Nitroglycerin 55-63-0 138 EPA Region 3a NA   
PETN 78-11-5 85000 EPA Region 34,a NA  
Perchlorate 14797-73-0 9300 Dean et al.e NA   
 
Notes: 
NA – Not Available (Screening levels were not developed due to the lack of scientific data on the specific constituents. 
* - Arsenic values for sediment will be compared to background sampling data, if available.  The range will not be 
considered a source of MC migration when the sampling results are less than or equivalent to background concentrations. 

 
1 - These values are dependent on the sediment TOC.  The lower bound is for 1% TOC.  Upper bound is for 100% TOC.  
To determine the site specific value, multiply the % TOC by the lower bound.  E.g. for TNT in sediment w/ 5% TOC it 
would be: 0.46 (5*0.092=0.46) 
2 - Value applies to dissolved metals 
3 - The value is dependent on the hardness of the water, provided value is for a water hardness of 100 mg/L as CaCO3. 
4 – For PETN, EPA Region III values came from TNRCC 2001 & 2000, which are documented sources k & l below. 
 
Sources: 
a - EPA Region 3, Ecological Risk Assessment Freshwater Screening Benchmarks, March 2007 
b - EPA, Office of Water, Office of Science and Technology (4304T), National Recommended Water Quality Criteria, 
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2006.   
c - EPA Office of Solid Waste and Emergency Response Ecotox Thresholds, January 1996 
d - EPA Region 4, Ecological Risk Assessment Bulletins – Supplement to RAGS (EPA 2001) 
e - Dean, K.E., R.M. Palachek, J.L. Noel, R. Warbritton, J. Aufderheide, and J. Wireman. 2004. Development of 
Freshwater Water-Quality Criteria for Perchlorate. Environmental Toxicology and Chemistry 23(6):1441-1451. 
f - EPA Region 6, Screening Level Ecological Risk Assessment Protocol, Aug 1999. 
g – A Review of Environmental Quality Criteria and Guidelines for Priority substances in the Fraser River Basin, Prepared 
by D.D. MacDonald, MacDonald Environmental Sciences Limited, March 1994 
h - NOAA Screening Quick Reference Tables, NOAA HAZMAT Report 99-1, Seattle WA, Coastal Protection and 
Restoration Division, National Oceanic and Atmospheric Administration, 12 pages. Buchman, M.F., 1999. 
i - Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of the 
Environment. Queen's Printer of Ontario. Persaud, D., R. Jaagumagi, and A. Hayton. 1993. 
j - Nipper, M., R.S. Carr, J.M. Biedenbach, R.L. Hooten, and K. Miller. 2002. Toxicological and Chemical Assessment of 
Ordnance Compounds in Marine Sediments and Porewaters. Marine Pollution Bulletin, 44: 789-806. 
k - TNRCC 2000 Texas Surface water Quality Standards, Texas Administrative Code, Title 30, Chapter 307, Effective 17, 
2000. 
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Table 3 – Ecological Marine Surface Water System Values 
 

 Marine Surface Water Marine Sediment 
MC CAS # Value 

(µg/L) 
Source Value 

(mg/kg) 
Source 

Antimony 7440-36-0 30 Suter and Tsao, 1996e 2 NOAA 1990g 

Arsenic 7440-38-2 36 USEPA, 2004b 7.24 
MacDonald et al., 
2000*,h 

Barium 7440-39-3 4 Suter and Tsao, 1996e NA   

Cadmium 7440-43-9 8.8 
 
USEPA, 2004b 0.68 

MacDonald et al., 
2000h 

Chromium 
(VI) 7440-47-3 50 

 
USEPA, 2004b 52.3 

MacDonald et al., 
2000h 

Copper 7440-50-8 3.1 
 
USEPA, 2004b 18.7 

MacDonald et al., 
2000h 

Lead 7439-92-1 8.1 
 
USEPA, 2004b 30.2 

MacDonald et al., 
2000h 

Manganese 7439-96-5 120 Suter and Tsao, 1996e 460 Ontario Guidelinesi 
Mercury 22967-92-6 0.94 USEPA, 2004b 0.14   
Molybdenum 7439-98-7 370 Suter and Tsao, 1996e NA   

Nickel 7440-02-0 8.2 
 
USEPA, 2004b 15.9 

MacDonald et al., 
2000h 

Silver 7440-22-4 1.9 
 
USEPA, 2004b 0.73 

MacDonald et al., 
2000h 

Vanadium  7440-62-2   20 Suter and Tsao, 1996e NA   

Zinc 7440-66-6 81 USEPA, 2004b 124 
MacDonald et al., 
2000h 

HMX 2691-41-0 330 Talmage et al., 1999o .0047-.47 
EPA Region 41,a  
 

RDX 121-82-4 5000 Nipper et al., 2001k .013-1.3 EPA Region 41,a  
TNT 118-96-7 180 Nipper et al., 2001k .092-9.2 EPA Region 41,a  
1,3,5-TNB 99-35-4 25 Nipper et al., 2001k .0024-.24 EPA Region 41,a  
1,3-DNB 99-65-0 180 Nipper et al., 2001k .0067-.67 EPA Region 41,a  

tetryl 479-45-8   
53.4 

Nipper et al., 2002l 
(fine grain 
sediment) 

NB 98-95-3 66.8 USEPA, 2002c 27 
Talmage and 
Opresko, 1995j 

2A-4,6-DNT 35572-78-2 1480 
TNRCC, 2001m and 
TNRCC, 2000n NA   

4A-2,6-DNT 1946-51-0 NA NA NA   
2,6-DNT 606-20-2 1000 Nipper et al., 2001k 0.55 Nipper et al., 2002l 

2,4-DNT 121-14-2 480 Nipper et al., 2001k 0.23 
Talmage and 
Opresko, 1995j 

2-NT (o-) 88-72-2 NA NA NA   
3-NT (m-) 99-08-1 NA NA NA   
4-NT (p-) 99-99-0 NA NA NA   

Nitroglycerin 55-63-0 138 
TNRCC, 2001m and 
TNRCC, 2000n NA   

PETN 78-11-5 
 
85000 

 
EPA Region 32,d 

 
NA 

 

Perchlorate 14797-73-0 9300 Dean et al., 2004f NA   
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Operational Range Assessment Screening Values 
Version 6.1 
Updated 01 August 2012 
 

Notes: 
NA – Not Available (Screening levels were not developed due to the lack of scientific data on the specific constituents. 
* - Arsenic values for sediment will be compared to background sampling data, if available.  The range will not be considered 
a source of MC migration when the sampling results are less than or equivalent to background concentrations. 

1 - These values are dependent on the sediment TOC.  The lower bound is for 1% TOC.  Upper bound is for 100% TOC.  To 
determine the site specific value, multiply the % TOC by the lower bound.  (e.g. for TNT in sediment w/ 5% TOC it would be: 
0.46)(5*0.092=0.46) 
2 - EPA Region III for PETN marine water refers to US EPA Region 3’s Freshwater Screening Benchmark table for a value.  
These values came from TNRCC 2001 & 2000, which are documented sources m & n below. 
 
Sources: 
a - EPA Region 4, Ecological Risk Assessment Bulletins - Supplement to RAGS (EPA 2001) 
b – EPA – USEPA 2009 National Recommended Water Quality Criteria Office of Water and Office of Science and 
Technology. 
c – EPA – USEPA 2002 Ecological Risk Assessment Bulletin 2/11/2002. Waste Management Division, Freshwater Surface 
Screening Values for Hazardous Waste Sites, February. 
d - EPA Region 3, Ecological Risk Assessment Freshwater Screening Benchmarks, March 2007 
e – Suter and Tsao, 1996 Toxicological Benchmarks for Screening Potential Contaminants of Concern for Effects on Aquatic 
Biota: 196 Revision. ES/ER/Tm-96/R2. 
f –  Dean, K.E., R.M. Palachek, J.L. Noel, R. Warbritton, J. Aufderheide, and J. Wireman. 2004. Development of Freshwater 
Water-Quality Criteria for Perchlorate. Environmental Toxicology and Chemistry 23(6):1441-1451. 
g - The potential for biological effects of sediment-sorbed contaminants tested in the national status and trends program. 
NOAA Technical Memorandum NOS OMA 52. Long, E.R. and L.G. Morgan. 1990. 
h - MacDonald, D.D., C.G. Ingersoll, and T.A. Berger. 2000. Development and evaluation of consensus-based sediment 
quality guidelines for freshwater ecosystems. Archives of Environmental Contamination and Toxicology, 39: 20-31. 
i - Guidelines for the protection and management of aquatic sediment quality in Ontario. Ontario Ministry of the Environment. 
Queen's Printer of Ontario. Persaud, D., R. Jaagumagi, and A. Hayton. 1993. 
j - Talmage, S.S., and D.M. Opresko.  1995. Draft Ecological Criteria Documents for Explosives, Oak Ridge National 
Laboratory, Oak Ridge, Tennessee. 
k – Nipper, M., R.S. Carr, J.M. Biedenbach, R.L. Hooten, K. Miller, and S. Saepoff, 2001. Development of Marine Toxicity 
Data for Ordnance Compounds, Archives of Environmental Contamination and Toxicology, 41:308-31. 
l - Nipper, M., R.S. Carr, J.M. Biedenbach, R.L. Hooten, and K. Miller. 2002. Toxicological and Chemical Assessment of 
Ordnance Compounds in Marine Sediments and Porewaters. Marine Pollution Bulletin, 44: 789-806. 
m – TNRCC 2001 Guidance for Conducting Ecological Risk Assessment and Remediation Sites in Texas, Toxicology and 
Risk Assessment Section, December. 
n – TNRCC 2000 Texas Surface water Quality Standards, Texas Administrative Code, Title 30, Chapter 307, Effective 17, 
2000. 
o – Talmage, S.S., D.M. Opresko, C.J. Maxwell, J.E. Welsh, M. Cretelia, P.H. Reno, and F.B. Daniel. 1999. Nitroaromatic 
munition compounds: Environmental effects and screening values. Reviews in Environmental Contamination and Toxicology, 
161: 1-156. 
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